ABSTRACT: A major epizootic of Haplosporidium nelsoni occurred during 1995 in the Piscataqua River Estuary, near the northern distributional limit of the parasite. Prevalence of H. nelsoni in samples of oysters, Crassostrea virginica, collected between 5 September and 18 December 1995 from sites in Maine and New Hampshire ranged from 15 to 81 %, with up to 50% systemic infections. Associated proportions of dead oysters ranged from 25 to 83%. The epizootic was most likely triggered by unusually warm and dry climatic conditions in 1995 that resulted in a temperature and salinity regime in the estuary that favored the parasite. Mean shell height of oysters ranged from 74 to 102 mm (Table I) . Initial identification of the parasite as H. nelsoni using routine histology was verified with the DNA probe. In the Piscataqua River, prevalence of H. nelsoni infections (15-81%) and the proportion of systemic infections (5-50%) and dead oysters (25-83%) generally increased with distance upstream ( Fig. 1; Table I ). Moribund oysters (gapers) found at Salmon Falls were infected with H. nelsoni. Recently dead oysters (having no fouling on interior shell surfaces) were found at all locations on the Piscataqua River. In Great Bay and Little Bay, prevalence (15-50%) and proportion of systemic infections (5-30%) both decreased with distance from the Piscataqua River To determine a possible cause of the observed epizootic, long-term hydrological and climatological data were examined. In the Piscataqua River, surface temperature (thermometer) and salinity (refractometer) data were collected monthly at station A5, between the Salmon Falls Bed and the Summer Bed beginning in 1989. Although temperature data were not available for 1995, maximum summer temperatures were 20-26 C in all years and increased between 1992 and 1994 (Fig. 2) . More importantly, maximum (summer) salinity at station A5 has exceeded 25 ppt since 1993, a considerable increase over the previous 4 yr (Fig. 2) . Monthly means of water temperature and salinity in Great Bay, calculated from data collected with dataloggers adjacent to the Jackson Estuarine Laboratory since 1989, are also revealing. While maximum monthly temperature has increased yearly since 1992, maximum monthly salinity has increased yearly since 1990 and exceeded 30 ppt in 1995 for the first time on record (Fig. 3) . Thus, throughout the Piscataqua River Estuary, summer maxima of both temperature and salinity have recently increased to levels more favorable for proliferation of H. nelsoni.
Climatological data obtained from the New Hampshire state meteorologist were used to calculate a cumulative score that was based on the sum of the rank of each year (1895-1995) for each category of (1) air temperature from January to March, (2) air temperature from July to September, (3) runoff from March to April, and (4) runoff from July to September. The lower the runoff and the higher the temperature, the lower the score. Interestingly, 1995 had the second lowest cumulative score since 1896, indicating that 1995 was the warmest, driest year since 1949. The observed increases in mean water temperature and salinity observed in the Piscataqua River Estuary in recent years are thus linked to prevailing climatological conditions.
The cause of the H. nelsoni epizootic in the Piscataqua River Estuary documented here can best be explained by recent trends in climatological factors that influence the estuarine environment. Prior to 1995, H. nelsoni was present in the Piscataqua River but was limited by a combination of relatively low temperature and salinity. Since about 1993, mean water temperature and salinity (summer) maxima in the estuary have been gradually increasing to levels favorable for proliferation of H. nelsoni. In 1995, both temperature (15-25 C) and salinity (15-30 ppt) were within the preferred ranges of the parasite for an extended period, allowing for rapid spread and development of the disease throughout the estuary (Haskin and Ford, 1982) . Besides affecting parasite physiology directly, increased temperature and salinity could have also influenced abundance and distribution of as yet unidentified intermediate host organisms (Haskin and Andrews, 1988) . Thus, given appropriate environmental conditions, H. nelsoni can cause serious oyster mortality, even at its northern distributional limit.
The drastic increase in prevalence and intensity (% systemic infections) of H. nelsoni and mortality of oysters seen in the Piscataqua River Estuary in 1995 is similar to that reported from other locations experiencing drought conditions (Andrews, 1968; Burreson and Andrews, 1988). In the James River, Virginia, water temperature in 1995 was generally above the longterm average and streamflow into the bay was below average from February to May. As a result, prevalence of H. nelsoni in May (80%) was the highest ever recorded (Calvo and Burreson, 1996).
Parasite prevalence, intensity, and associated mortality decreased with distance downstream in the Piscataqua River because the lower beds (particularly Stacy Bed) experience greater exposure to seawater from the Gulf of Maine and thus have a temperature range below that preferred by H. nelsoni (Haskin and Ford, 1982). Conversely, the uppermost bed (Salmon Falls), being farthest from the ocean, is warmest during periods of summer drought. Also, during periods of low runoff, infective stages of H. nelsoni might be less concentrated at locations closer to the mouth of the river due to dilution with ocean water. In Great Bay, the observation of decreasing H. nelsoni prevalence with distance from the Piscataqua River might indicate that the focus of infection by H. nelsoni is in the Piscataqua River, which contributes a greater proportion of source water to the bay during periods of drought. The fact that spore stages of H. nelsoni were not observed in this study is consistent with the general lack of sporulation in adult oysters (Ford and Haskin, 1982; Ford and Tripp, 1996).
